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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
RESEARCH MEMORANDUM 


THE EFFECT OF AN OPERATING PROPELLER ON THE AERODYNAMIC 
CHARACTERISTICS AT HIGH SUBSONIC SPEEDS OF A MODEL 
OF А VERTICAL-RISING AIRPLANE HAVING AN UNSWEPT 
WING OF ASPECT RATIO 3 


By Fred B. Sutton and Donald A. Buell 


SUMMARY 


An investigation was conducted in the Ames 12-foot pressure wind 
tunnel to determine the effect of an operating propeller on the aerody- 
namic characteristics of a model of a vertical-rising airplane having an 
unswept wing with an aspect ratio of 3. Wind-tunnel tests were conducted 
through a range of power coefficients at angles of attack up to 16° and 
at Mach numbers from 0.50 to 0.92. The Reynolds number was constant at 
1.7 million. 


Lift, longitudinal force, pitch, and roll characteristics, determined 
with and without power, are presented for the complete model and for 
various combinations of model components. Results of an investigation to 
determine the characteristics of the dual-rotating propeller used on the 
model are given also. 


INTRODUCTION 


The large thrust available with turbine-propelier propulsion systems 
has made possible the construction of fighter-type airplanes capable of 
vertical take-off and relatively high subsonic forward speeds. Тһе inves- 
tigation discussed herein was made of a model of such an airplane. The 
airplane configuration was aerodynamically conventional with the exception 
of an interdigitated tail on which all the movable control surfaces were 
located. Longitudinal, lateral, and directional control were achieved 
by appropriate combinations of movements of these four control surfaces. 


Tests were conducted through an angle-of-attack range at several 
power coefficients (including propeller windmilling) to determine the 
effect of the operating propeller on the lift, drag, and pitching-moment 
characteristics of the model. The effect of windmilling propellers on 


соқ ыт... 
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the effectiveness of the longitudinal and lateral control surfaces was 
also investigated. Data are presented in this report without analysis 
and they pertain only to model characteristics in near horizontal flight 
attitudes and at comparatively high speeds. 


NOTATION 


The results of the investigation are presented in the form of 
standard NACA coefficients of forces and moments and are referred to 
the conventional stability axes. The coefficients and symbols used 
are defined as follows: 


я lift 
Ст, lift coefficient, “48” 
C; rolling-moment coefficient measured about the center оЕ.рга Ту, 
rolling moment 
qbS 


Cm pitching-moment coefficient measured about the center of gravity, 


pitching moment 
ас5 


| Р 
ower coefficient, ----- 
Cp р 2 on®p> 
T 
thrust coefficient, ----- 
Ст nt, Snep 
Cy longituđinal-force coefficient, Ж 


Cla propeller-blade-section design lift coefficient 


b wing span, ft 
b! propeller-blade width, ft 
с wing chord, ft pr E: 
- с ay 
с mean aerodynamic wing chord, 2 ‚ ft 
f с dy 
С.С. center-of-gravity Location 5 
(Зее fig. 1.) 
D propeller diameter, ft 
h maximum thickness of propeller-blade section, ft 


A 
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ы ox н 


ба, 


бе 


propeller advance-diameter ratio, + 


free-stream Mach number 

propeller rotational speed, rps 

model-motor shaft power,  ft-lb/sec 
propeller-tip radius, ft 
propeller-blade-section radius, ft 
free-stream dynamic pressure, = v?, lb/sq ft 
wing area, ва ft 

propeller thrust, 10 

free-stream velocity, ft/sec 


Longitudinal force, parallel to stream and positive in а thrust 
direction, 10 


lateral distance from plane of symmetry, ft 
angle of attack, deg 
propeller-blade angle, deg 


control-surface deflection with respect to а section of the fixed 
surface taken perpendicular to the hinge line of the movable 
surface, deg 


aileron deflection, positive when lift is decreased on the right 
tail surface and increased on the left tail surface. (The con- 
trol surfaces were deflected differentially to the same angular 
magnitude. ) 


. elevator deflection, positive to increase lift on tail 


propeller efficiency, 


free-stream mass density of air, slugs /cu ft 
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MODEL AND APPARATUS 


The investigation was conducted in the Ames 12-foot pressure wind 
tunnel using a 1/10-scale model of the Lockheed XFV-1 airplane supplied 
by the Lockheed Aircraft Corporation. The model had an unswept wing 
with an aspect ratio of 3.07 and a taper ratio of 0.327. Тһе wing 
employed NACA 65A206 sections. The prototype-airplane contours were 
slightly modified at the base of the model fuselage to accommodate a 
sting-type model support. Figure 1 and table I present dimensions and 
details of the model and figure 2 shows the model mounted in the tunnel 
test section. 25.5; у Ae Е 


Тһе six-blade dual-rotating propeller employed on the model had ап 


1. з 7 
activity factor per blade of 140 (aerines as А.Е. = 100,000 | HOLO) 
0.3 


and was designed by the Curtiss-Wright Corporation specifically for 
vertical-take-off airplanes. Figure 3 presents propeller plan-form and 
blade-form curves. 


The model, including the propeller, was constructed of aluminum 
alloy with the exception of the fuselage air-intake ducts which were 
sealed off апа faired with a lead alloy. Model control-surface deflec- 
tions were simulated with interchangeable control surfaces machined to 
predetermined angles. The model-propeller blades could be adjusted 
manually to any desired angle. The surfaces of the wing, body, and tail 
were filled, painted, and polished smooth. ` | | | ша 

Model power was supplied by two weter-cooled induction motors | 
mounted in tandem in the model fuselage. Each motor developed a maximum 
of 36 horsepower at 12,000 revolutions per minute. A continuous speed 
control for the two motors was obtained by the use of a variable- 
frequency power supply common to both motors. Each component of the 
dual-rotating propeller wes directly driven by one of the model motors. 
Propeller speed was measured by means of a tachometer on the front motor 
(rear propeller) used in conjunction with an electronic frequency- 
measuring device. It was assumed that both motors turned at the same 
speed. 


А gting-type model-support system was used with а wire-resistance 
strain-gage balance of the flexure-pivot type enclosed in the model 
fuselage to measure lift, longitudinal force, side force, pitching 
moment, rolling moment, and yawing moment. Angle of attack was measured 
visually by means of a cathetometer. 


ха 
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TESTS AND PROCEDURES 
Test Ranges 
The characteristics of the model were investigated over a Mach 
number range of 0.50 to 0.92; Reynolds number was constant at 1.7 million. 
Several power conditions were investigated at various propeller-blade 


angles through an angle-of-attack range of -4° to 489 at each Mach number. 


A summary of the power-on tests for several model configurations is 


| presented in table ТТ. The power coefficients could not be exactly 


duplicated for the different model configurations ав the tunnel tempera- 
tures and model-motor efficiencies could not be accurately predetermined. 
The power-coefficient values presented in table IT are the averages of 
the values measured through an-angle-of-attack range. 


Propeller Calibration 


Propeller calibrations were made by testing the propeller in сош- 
bination with the model fuselage less the pilot's cab (fig. 4). Forces 
were measured through Mach number, angle-of-attack, model power, and 
propeller-blade-angle ranges which included the test ranges of the 
power-on model investigation. The propeller thrust coefficient was deter- 
mined from the following relation: 


-I ли: 
От = ар” 208 “Хр 
where 


СХр = CXpropeller operating ^ “Xpropeller off 


The shaft power of the model motors was determined by measuring the input 
power to the motors &nd applying corrections for the motor losses.  Inter- 
ference effects between the body and the propeller were neglected and the 
efficiencies presented are the propulsive efficiencies of the propeller- 
body combination. 
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CORRECTIONS 


Tunnel-Wall Interference 


Corrections for the induced effects of the tunnel walls resulting 
from lift on the model were made according to the methods of reference 
The corrections added to the angle of attack and longitudinal-force 
coefficient were as follows: | 


да = 0.2078 СТ, 
ACy = -0.00363 Cf 


№ corrections were made to the pitching-moment coefficients аз calcu- 
lations by the method of reference 1 indicated the corrections to be 
negligible. ES | йн » 

The effects of wind-tunnel-wall constraint on the model-propeller 
slipstream were evaluated by the method of references 2 and 3. These 
effects were indicated to be negligible. | 


The effects of constriction of the flow by the tunnel walls were 
evaluated by the method of reference 4. The following table shows the 
magnitude of the corrections: 


Corrected Uneorrected Ycorrected 
Mach number Mach number uncorrected 


0.500 02500: ~~ 1.001 
.700 .699 1.002 
.800 „198 1.003 
.850 | „ВТ 1.004 
.900 - 894. 1.006 
.920 .912 1.008 


Sting Interference 


1. 


In order to correct partially the longitudinal-force data for sting 


interference, the pressure was measured at the base of the model fuse- 
lage and the drag data were adjusted to correspond to a base pressure 
equal to the static pressure.of the free stream. 
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RESULTS 


Figures 5 through 10 show the characteristics of the dual-roteting 
propeller. Because of the small thrust available at Mach numbers of 
0.90 and 0.92, only one power condition in addition to propeller wind- 
milling was investigated at these Mach numbers. The fairing of propeller- 
performance curves for these conditions (indicated by broken lines) is 
based on propeller-performance data obtained at lower Mach numbers. 
Figures 11 through 16 show the effect of power on the aerodynamic char- 
acteristics of the model fuselage. The effects of power on the aerody- 
namic characteristics of the complete model are shown in figures 17 
through 22, and power effects on the aerodynamic characteristics of the 
model with the tail removed are presented in figure 23. Figure 24 shows 
longitudinal control-effectiveness data for several elevator deflections 
and one combination of elevator and aileron deflections. Roll character- 
istics of the model are presented in figure 25 for one aileron deflection 
and for a combination of aileron and elevator deflections. Figure 26 
presents aerodynamic characteristics for several combinations of model 
components with the propeller removed, and figure 2( shows the aerody- 
namic characteristics for the body alone, the body and cab, and the body 
and tail. 


Ames Aeronautical Laboratory 
National Advisory Committee for Aeronautics 
Moffett Field, Calif., May 6, 1952 


REFERENCES 


1. Silverstein, Abe, and White, James H.: Wind-Tunnel Interference 
with Particular Reference to Off-Center Positions of the Wing 
and to the Downwash at the Tail. NACA Rep. 547, 1935. 


2. Glauert, H.: The Elements of Aerofoil and Airscrew Theory. 
American ed., The Macmillan Company, N.Y., 1943, pp. 222-226. 


3. Young, А. D.: Note on the Application of the Linear Perturbation 
Theory to Determine the Effect of Compressibility on the Wind 
Tunnel Constraint on a Propeller. В.А.Е. TN No. Aero. 1539, 
Nov. 1944. 


Н. Herriot, John G.: Blockage Corrections for Three-Dimensional-Flow 


Closed-Throat Wind Tunnels, with Consideration of the Effect of 
Compressibility. МАСА Rep. 995, 1950. (Formerly NACA RM АТВ28) 


8 свили ве МАСА RM A52EOÓ 


TABLE Т.- GEOMETRIC CHARACTERISTICS OF THE MODEL 


Wing | " У 
Span, in . . . . е . . в . Ф © а е а е a е е е . а е . . a е» е 33 е оо 
Root chord, in е е е a . a . . . . е ? a е = 2 . е . е ч > . е Ф 16 е 20 
Tip chord, in. свое enaa 


Mean aerodynamic chord, in. ................ 11.65 
Аврес ISUl10 He: se: ыы и Se заа ы ыж жар Mees 3.01 
ОДО ИВ О ы w^ y d uec S uou o а 9^ XO IE AU e. жа 0.327 
Aven. Hd LG: и у пе и ыы : 4 4: Ље ia 2.46 


Dihedral of wing reference plane through hocpercent chord, 
deg по... o ө . 9 а а «= ее э a © в © в o ө ө е 5.0 


Incidence, root and tip, deg — xx 1.0 

Length, wing-tip armament pods, in. . ........... 16.80 

Diameter, wing-tip armament pods, in. ......... i 1.80 

Airfoil section, root and tip ............. НАСА 65А206 
Tail 


зуы”. ДАТО 


PEN не РИС кг OS ae a a о 0 . o 
ROOG GBOFTd. Le аласы салы BA oe а Dae. ШОО RE 8.50 
Tip chord, in. . о . ~" Е "= кс ы-і 3.20 
Mean aerodynamic chord, 13: қы о шор D ce ли a ee ча 6.25 
ABDOCU TALIO e are 9». eee ee ж жш уш о и ee 3.55 
Taper ratio .... ен ли ТЭЛЭЛТ ЭЭ сү 
Total area, | surfaces, БЕТІ чи ке а а. 1.69 
Total area, 4 fixed surfaces, ва ft .. уа уа. eee ee 1.36 
Total area, 4-movable surfaces, ва ft ... CERCA 58 ^а 0.32 
Incidence (angle in vertical plane) between funelnge 

reference line and intersection of all chord planes, deg. -4.0 
Sweepback angle, quarter chord, deg ..:....... 30.0 


Airfoil section; root and tin X e = w è k è аааз» а NACA б5АООТ 
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TABLE ТТ.- SUMMARY OF THE MODEL POWER-ON TESTS 


Complete model Tall-off model Simulated yaw 
configuration configuration configuration 


Equivalent Fig. Equivalent Equivalent Fig. 
CPav full-scale Hoz CPay full-scale CPav full-scale ed 
ирт hpt 


.78 3700 
497 2100 


60 1.03 3300 ыы Зон ТЕЛА ёо шше 
22 38,200 зо. j.n 4150 23(2) 3500 
38,200 3300 = а = = ~ ам м > ам мы = ға 


а full-scale Sb Ss was eel for assumed airplane altitudes ao. to 
the tunnel-density altitudes and a model scale of 1/10. 
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Figure !. — Three—view drawing of the model. 
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Figure 2.- The model in the Ames 12-foot pressure wind tunnel. 
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Figure 3.— Plan-form and blade -form curves for the dual-rotating propeller. 
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Figure 4.- The model propeller in the Ames 12-foot pressure wind tunnel. 
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Figure 6.— Characteristics ofthe dual-rotating propeller. M, 0.70. 
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Figure 7 — Characteristics of the dual-rotating propeller. M, 0.80. 
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Figure 9. — Characteristics of the dual-rotating propeller. М, 0.90. 
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77 JUUDI 34/7 


ВЕЕ ни 

9 | 2 ae | 
5 6 | ia 

АРЕАЛ 22 e 

Е ФА ЛЕ о Prop. off 
as ИГИ канды 
$ ИА 1 

ӨТ ТЕГ РА 
бо ДО ДА ae ЇГ 
РС 


АА АИИ ||| ||| | ||| 
HAP АНИ НА Ае ще 
4119 ЕТ ЕЯ ЕЕ TTT T 


0 04 «08 -/2 -/6 46 12 08 .04 0 -04 «08 -/2 -/6 -20 


Longitudinal~force coefficient, Cy Pitehing-moment coefficient, Ст 
-8 -4а 0 4 8 22 
Angle of attack, a, deg 
e 
(b) Po 75 тг 60 
Figure 20.- Concluded. 


оочесу WH VOVN 


Е9 


E 
н | 
E di Ll. 
~ 
= y ШЕШЕ 
5 р је Ор oF 
Е Й гани о Windmill 
s "LIEU 
+. 
5 AL 
А 
“ГҮ 


Л ЈЕ 
ACA EEC ECE 
А У АДАД Ола 
EX LAIT AJ ЛАА ЈЕ ТАЈА DST 
46 72 08 04 О -04 «08 -/2 -/6--20 -24 
Longitudinal-force coefficient, Сұ Pitching-moment coefficient, C, 

-8 -4 0 4 8 /2 
Angle of attack, а, deg 


6 
0 -04 -08 -/2 -/6 


~ 


о 
Azsr 60 


Figure 2/- The effect of power оп Те longitudinal characteristics of the model. M, 0.90. 


19 


сопесу ИМ VOVN 


ЕЕ ИЕ 
4 112 
ӨШКЕН 
6 NN M 
: БР || 
a ERE RET 
SC Шш 
е Ш О Prop. [od 
+ 2 E о Winamil/ 
SPP MUN; ju m 
5 -НЕНТТІІТГІ ТТ 5 || 
2 CCAR ZI Mi 
АНИ А || || ||| || 
«МТУ ТИ Ү 1111. 


ЭЭ СҮҮ ЇГ 


11111111 Гэ 11111 Т11ТТ ТТ ЕИ и АЙ 


О -04 «08 -/2 -/6 46 12 08 04 0 -04 «08 -/2 -/6 «20 -.24 


Longitudinal-force coefficlent, Су Pitching-moment coefficient, 6, 
-8 -4 0 4 8 /2 
Angle of attack, a, deg 


6, 750 ' 90 
Figure 22.-The effect of power on the longitudinal characteristics of the model. М, 0. 92. 


оонесу ИЧ YOWN 


с9 


66 


Ф у 9 © Ww 


7) Фиг/2/902 417 


Pitching-moment coefficient, Cm 


 Jongmudmel-farce coefficient, Су 


-4 


-8 


Angle of attack, а, deg 


NACA RM А52Е06 


(а) M, 0.50 
А 0758: 20. 


Figure 23.- The effect of power on the longitudinal characteristics of Ше model, tail off. 


НАСА RM A59EOÓ 


[ШЕ В АВРО 
ЕЕЕ 
С ви“ 


ЕГ ы а 
a иши 
Сұ 
ааыр 
EXSISTERE 
БЕ 172 
БЛ БЕ ЗН мәнті 
ЕЕ СЕ ЖЕШ БЕ ШЕ ШЕ И ИЕ ШШ 
НА LIH 


ВЯ Е sb. 
"аан -force coefficient, Cy 


© y © + N © °ч КА. 
72 4U8/2//802 1417 


Pitching-moment coefficient, Cm 


-4 
Angle of attack, a, deg 


-8 


(5) M, 0.70 


Figure 23.— Continued, 


OT 


Lift coefficient, C, 


“04 0 -04 -08 -/? 


Longifudindl- force coefficient, Cy 


O Prop. off 
p Windmill 


BERN ELE RISE ERR 
А Етене 


-04 -08 -/2 -/6 -20 
un -moment coefficient, C, 


-8 -4 0 4 8 (2 
Angle of attack, а, deg 
(0 M, 0.80 


Figura 23.— Continued, 


gougGv ин VOYN 


Lift coefficient, С; 


Ргор. off 
Windmill 


7*0 -04 -08 -/2 -/6 


Longitudinal-force coefficient, Су 
-8 -4 0 4 а 12 
Angle of attack, а, deg 


(а) M, 0.85 


Figure 23.- Continued. 


0 -04 -08 -/2 -/6 -20 
Pitching-moment coefficient, Съ 


доясау WH VOVN 


69 


таг. Зри» МАСА RM A52EOÓ 


| Yoh doko 


ш-н oe. 


‚ЛУ | 


Pichia nomen? coefficient, Cm 


Р 

5 

Y 5 

о $ 

> A о 

of 9 | 

в = w 

wx 3 W" 

S © 

8 § 

ЫГ" г 
чу 
чок 
ге 
ч 


-8 


Го“ +“. о. 


ТЕТЕ -force coefficient, Сұ 


70 %и8/2/;)902 1417 


Lift coefficient, C, 


“TTT CLLELLELLLLLLLLTE 
| шт» 6С 
иг аг: гт ЙГ 
| Б ЛЕТШ Ја 
| ТЕТ Я 
Иги яа I^ ТОГ ШИ 

au HE Lo ә a 
ot ШИВ! Но nanan ЕГ 
| ЕЯ LLLI ШЕШЕ; ЕН 
, CCRC COVE LL 

CONC ІР ГЕН 


О 504 -08 -/2 -/6 -20 
Longltudinal- force coefficient, Cy 
-8 -4 0 


ГҮЛ А AHH 
ШИЖ КЕИШ ДШН ШШШ 
CEEHELEHEELEELELELELLCET FT TE LET = 


4 8 Р 


Angle of attack, а, deg 


(7 М, 0.92 


LL Lad] 


04 0 -04 -08 


-/2 
Pitching-moment coefficient, C, 


-/6 -20 


Figure 23.- Concluded. 


сонесут WH VOVN 


TL 


OL 


о 8, +0“, 8, =0° , prop, off А 8, =-6°, 8; = 6° ,prop.orf 
О 8,:-6% &,*O", prop. off V 8, =-127, Ôg" 0° windmill, 
© 8, "-12", 8; "0°, prop. off 


ТҮ НЕШЕ ШЕЕ 
deal R] ld eal 
15117 
ШЕШЕ 
НЕШЕ 


те | | | 

ыы | | || 

АА 
Ей 


4 


Ван 


E 
Gr | LL И | | | LL | oak 

| ||| EIAS | | 114 | 655 
ШЕНЕУ LLLI | деде 
HH В 

21108111 яах ll. 

me TPE LI ЕЕЕ 
Wi. Ра ДТ үү? rov LLL. 

ТТТ ДА | || | | End 6 ENS 
Т ЖЕРЕ 
am A 1160 3,504 | 8e, 0'| | 
пиг re ere 


де 


Lift coefficient, ©, 
№ 


| ale 
ШЕ 


"d 


i a: 
ЇГ 
Y: Ж 


-04 -08 -/2 -/6 46 /Р 08 04 0 -04 -08 -/2 -46 320 ЗАСА 
сайныг -force coefficient, Су Pitching-moment coefficient, Cm | | 
-8 -4 0 4 8 /2 0 0 


Angle of attack, а, deg 


(a) М, 0,50 


Figure 24.- Longitudinal —control characteristics of the model. 
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